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The  de ter mi na tion  of  235U in en  vi  ron  men  tal sam  ples from its 185.72 keV pho  tons may re  -
quire the deconvolution of the multiplet photopeak at ~186 keV , due to the co-ex is tence of the 
186.25 keV pho tons of 226Ra in the spec trum. Suc cess ful deconvolution de pends on many pa -
ram e ters,  such  as  the  de tec tor  char ac ter is tics,  the  ac tiv ity  con cen tra tion  of  the  235U and 226Ra
in the sam ple, the back ground con tin uum in the 186 keV en ergy re gion and the gamma-spec -
trom e try  com puter  code  used.
In this work two sets of ex  per  i  men  tal test spec  tra were con  structed for ex  am  in  ing the
deconvolution of the multiplet photopeak per formed by dif fer ent codes. For the con struc tion 
of the test spec tra, a high-res o lu tion low en ergy ger ma nium de tec tor was used. The first se ries 
con sists  of  140  spec tra  and  sim u lates  en vi ron men tal  sam ples  con tain ing  var i ous  ac tiv ity  con -
cen tra tion  lev els  of  235U and 226Ra. The sec  ond se  ries con sists of 280 spec tra and has been de -
rived by add  ing 137Cs,  cor re spond ing  to  var i ous  ac tiv ity  con cen tra tion  lev els,  to  spe cific  first
se  ries test spec  tra. As the 137Cs back  scat  ter edge is de  tected in the en  ergy re  gion of the
multiplet photopeak at ~186 keV , this sec  ond se  ries of test spec  tra tests the anal  y  sis of the
multiplet photopeak in high back  ground con  tin  uum con  di  tions.
The anal  y  sis of the test spec  tra is per  formed by two dif  fer  ent g-spec trom e try  anal y sis  codes:
(a) spec  trum unix anal  y  sis code, a com  puter code de  vel  oped in-house and (b) anal  y  sis of ger  -
ma  nium de  tec  tor spec  tra, a pro  gram freely avail  able from the IAEA. The re  sults ob  tained by
the two pro grams are com pared in terms of photopeak de tec tion and photopeak area de ter mi -
na tion.
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IN TRO DUC TION
In en vi ron men tal sam ples,  235U can be de tected by
its pho  tons emit  ted at en  er  gies such as 143.767 keV
(10.94%), 163.356 keV (5.08%), 185.720 keV (57.1%), 
and 205.316 keV (5.02%) [1]. How  ever due to its long
half-life (704·104 years) [1] and to the low pho  ton emis  -
sion rates, in prac tice only pho tons at 185.720 keV can be 
used. The anal y sis of these pho tons is not al ways an easy
task as 235U in all en  vi  ron  men  tal sam  ples is de  tected to  -
gether with the 238U daugh  ter iso  tope, 226Ra, emit  ting
pho  tons at 186.25 keV giv  ing rise to a multiplet
photopeak at ~186 keV. The suc cess ful deconvolution of
this  multiplet de pends on the de tec tor char ac ter is tics,  the
ac tiv ity  con cen tra tion  of  the  235U and 226Ra in the sam  -
ple, the back ground con tin uum in the 186 keV en ergy re -
gion and the g-spec  trom  e  try com  puter code used for the
anal  y  sis of the spec  trum [2]. The in  flu  ence of these pa  -
ram  e  ters in the anal  y  sis of the 235U-226Ra multiplet
photopeak is stud ied in the pres ent work by the use of ex -
per i men tally  con structed  test  spec tra.
The use of test spec  tra for ex  am  in  ing the abil  ity
of gamma spec  trom  e  try com  puter pro  grams to de  ter  -
mine peak en  er  gies and ar  eas with as  so  ci  ated un  cer  -
tain  ties has been re  ported in pre  vi  ous works [3-8].
Sev  eral test spec  tra sets are avail  able on line, while
sev eral intercomparisons on the anal y sis of test spec tra 
have been or  ga  nized [3-7]. From the most re  cent
intercomparisons can be con  cluded that most codes
yield near op  ti  mum re  sults for sin  glet peaks, but face
dif fi cul ties  with  dou blets/multiplets  [7].  In  ad di tion,
the con di tions for con struct ing re li able test spec tra are
also de  fined in [4].
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*  Cor re spond ing au thor;  e-mail:  ckarfop@nu clear.ntua.grIn [2] it is briefly de scribed that two dif fer ent se -
ries of ex  per  i  men  tal test spec  tra were con  structed fo  -
cus  ing on the deconvolution of the 235U-226Ra
multiplet photopeak in dif  fer  ent back  ground con  tin  -
uum con di tions. The first se ries, which con sists of 140
spec tra,  sim u lates  spec tra  of  en vi ron men tal  sam ples
con tain ing only nat u ral ra dio ac tiv ity, with var i ous lev -
els of 226Ra and 235U. The sec ond se ries con sists of 280 
spec tra  sim u lat ing  spec tra  of  en vi ron men tal  sam ples
con tain ing  var i ous  lev els  of  226Ra and 235U and con  -
tam i nated  with  var i ous  lev els  of  137Cs.
As it can be seen in fig. 1, in which a typ i cal 137Cs 
spec  trum ob  tained by a high pu  rity ger  ma  nium de  tec  -
tor is il  lus  trated, the back  scat  ter edge of the 137Cs
661.66 keV pho tons lies on the 186 keV en ergy re gion
mak  ing the anal  y  sis of the multiplet photopeak more
de mand ing.
This work fo  cuses on the de  scrip  tion of the test
spec  tra con  struc  tion and the in  flu  ence of the gamma
spec  trom  e  try com  puter code used for the deconvolution
of the multiplet photopeak. 
MA TE RI ALS  AND  METH ODS
Test  spec tra  con struc tion
A method for the 235U  de ter mi na tion  in  en vi ron -
men tal sam ples has been de vel oped and de scribed in [9] 
at the Nu  clear En  gi  neer  ing De  part  ment of the Na  tional
Tech ni cal  Uni ver sity  of  Ath ens  (NED-NTUA).  Based
on this method and on the con  di  tions for con  struct  ing
re  li  able test spec  tra de  scribed in [4], the pa  ram  e  ters for
the con  struc  tion of the two test spec  tra are de  fined be  -
low.
For the con  struc  tion of the test spec  tra a low en  -
ergy ger  ma  nium (LEGe) de  tec  tor with a  FWHM  of
341 eV at 5.9 keV was used. The de tec tor was cal i brated 
in the en  ergy re  gion 20-200 keV. The con  structed test
spec  tra of both se  ries sim  u  late real spec  tra of vol  ume
cy  lin  dri  cal sources with a height of 69 mm and a vol  -
ume of 282 mL and mea  sured for 345600 s (equal to 4
days) in this de  tec  tor. In this way, a typ  i  cal mea  sure  -
ment of an en  vi  ron  men  tal sam  ple in NED-NTUA is
sim u lated.
The first se ries of test spec tra cor re sponds to dif -
fer ent  235U-226Ra  ac tiv ity  con cen tra tion  com bi na -
tions. Five Ra ac  tiv  ity con  cen  tra  tion lev  els were de  -
fined in the re  gion 15-1000 Bq/kg. Each of them was
com  bined with seven 235U  ac tiv ity  con cen tra tion  lev -
els in the re  gion 0.1-600 Bq/kg, cre  at  ing a to  tal of 35
dif  fer  ent spec  tra. It should be noted that in each spec  -
trum, the def i ni tion of the 226Ra ac tiv ity con cen tra tion
lev els was ab so lute, while the 235U lev els were de fined 
rel a tively in terms of the photopeak 235U/226Ra area ra -
tio. Ta ble 1 shows the ac tiv ity con cen tra tion com bi na -
tion used.
For the con  struc  tion of the sec  ond se  ries of test
spec tra,  four  137Cs  ac tiv ity  con cen tra tion  lev els  in  the
re  gion 7.5-2300 Bq/kg were added to each of these 35
dif fer ent  spec tra.
Vol  ume sources for all these com  bi  na  tions were
not avail  able, there  fore sources of dif  fer  ent ge  om  e  -
tries were used to ob  tain equiv  a  lent spec  tra. In this
way, a test spec  trum de  rives by the su  per  po  si  tion of
four  equiv a lent  spec tra:
– a 4d back  ground spec  trum of the LEGe de  tec  tor,
– a 
226Ra  equiv a lent  spec trum,
– a 
235U  equiv a lent  spec trum,  and
– a 
137Cs equiv a lent spec trum (for the test spec tra of
the sec  ond se  ries).
The al  go  rithm used for the su  per  po  si  tion is de  -
scribed by eq. 1
C C C C C test, bk, ra, u, cs, i i i i I = + + + (1)
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Fig  ure 1. A typ  i  cal 
137Cs spec  trum
Ta  ble 1. The 
235U-
226Ra ac  tiv  ity con  cen  tra  tion lev  els se  lected for the first test spec  tra series
226Ra activity
concentration
[Bqkg
–1]
235U activity concentration [Bqkg
–1]
235U/
226Ra photopeak area ratio
10% 50% 75% 100% 150% 300% 1000%
15 9.09E-02 4.54E-01 6.82E-01 9.09E-01 1.36E+00 2.73E+00 9.09E+00
30 1.82E-01 9.09E-01 1.36E+00 1.82E+00 2.73E+00 5.45E+00 1.82E+01
100 6.06E-01 3.03E+00 4.54E+00 6.06E+00 9.09E+00 1.82E+01 6.06E+01
300 1.82E+00 9.09E+00 1.36E+01 1.82E+01 2.73E+01 5.45E+01 1.82E+02
1000 6.06E+00 3.03E+01 4.54E+01 6.06E+01 9.09E+01 1.82E+02 6.06E+02where Ctest,i is the num ber of counts in the i-chan nel of
the fi  nal test spec  trum, Cbk,i – the num  ber of counts in
the i-chan  nel of the back  ground equiv  a  lent spec  trum,
Cra,i – the num ber of counts in the i-chan nel of the 
226Ra 
equiv a lent spec trum, Cu,i – the num ber of counts in the
i-chan  nel of the 
235U  equiv a lent  spec trum,  and  Ccs,i –
the num  ber of counts in the i-chan  nel of the 
137Cs
equiv a lent  spec trum.
As far as the back ground spec trum is con cerned,
it should be noted that a photopeak at the 186 keV en  -
ergy re gion due to the back  ground 226Ra and 235U was
de  tected, as shown in fig. 2(a). The photopeak was re  -
placed by its cor re spond ing back ground con tin uum as
shown in fig. 2(b). The fol  low  ing steps de  scribe the
pro ce dure  fol lowed:
– the spec  trum chan  nels that be  long to the
photopeak are de  fined,
– a lin ear back ground con tin uum un der the photopeak 
is de ter mined by us ing the counts of the neigh bor ing
chan  nels and by ap  ply  ing the least mean square al  -
go  rithm, fig. 2(a), and
– the counts of the photopeak chan  nels are re  placed
by counts de  rived by the use of a pseudo-ran  dom
num ber  gen er a tor  fol low ing  a  Pois son  dis tri bu -
tion around the lin ear back ground con tin uum, fig.
2(b).
For the 226Ra equiv  a  lent spec  tra, a sealed point
source  was  used.  The  var i ous  ac tiv ity  con cen tra tion
lev els were sim u lated by col lect ing spec tra of dif fer ent 
mea  sur  ing time. For the 235U  equiv a lent  spec tra,  foils
of nat  u  ral ura  nium were used in the same man  ner,
while for the 137Cs equiv a lent spec tra, a vol ume source 
was used. For each 226Ra-235U com bi na tion four in de -
pend ent spec tra were con structed, sim u lat ing re peated 
anal  y  ses of the same sam  ple. Thus, the first se  ries of
test spec tra con sists of 4×35 = 140 spec tra grouped in 4
groups, namely A, B, C, and D. Then, each 137Cs ac tiv -
ity con cen tra tion level was com bined with the C and D
test spec  tra group, lead  ing to the sec  ond se  ries of test
spec  tra that con  sists of 35×2×4 = 280 spec  tra.
In fig. 3(a-c) three of the con  structed spec  tra are
pre  sented. In each fig  ure the con  cen  tra  tion of the iso  -
topes 226Ra, 235U, and 137Cs are given for com  par  i  son
pur  poses. Fig  ure 3(a) pres  ents a spec  trum of the first
se  ries   con  tain  ing  only  226Ra (15  Bq/kg)  and  235U
(14 Bq/kg). Fig  ure 3(b, c) pres  ent spec  tra of the sec  -
ond se  ries.  The  con  cen  tra  tion of 226Ra and 235U are
the same as in fig. 3(a), while 137Cs  con cen tra tion  is
300 Bq/kg and 3000 Bq/kg, re spec tively. A grad ual in -
crease of the back ground con tin uum is ap par ent in fig.
3(b) and 3(c), tak  ing into ac  count the change in y-axis
scale.
The  gamma-spec trom e try  codes
The first gamma-spec  trom  e  try code used for the
anal y sis of the test spec tra was the spec trum unix anal -
y  sis (SPUNAL) code. It is an in-house de  vel  oped
FOR  TRAN code on a UNIX sys  tem that al  lows,
among other op  er  a  tions, for the:
– de  ter  mi  na  tion of the cen  troid, the area and the
FWHM of the photopeaks in a gamma spec  trum,
– deconvolution of multiplet photopeaks with up to
10 com po nents, us ing a mod i fied Marquardt al go -
rithm,
– en ergy  cal i bra tion  and  the  qual i ta tive  de ter mi na -
tion of sam  ples,
– ef fi ciency  cal i bra tion  and  the  quan ti ta tive  de ter -
mi na tion  of  sam ples,  and
– ap pli ca tion  of  cor rec tions  in  the  anal y sis  of  a
gamma spec  trum (e. g.,  self-ab sorp tion  cor rec -
tions,  de cay/pro duc tion  cor rec tions
The  sec ond  gamma-spec trom e try  soft ware  used
was  (anal y sis  of  ger ma nium  de tec tor  spec tra)
(ANGES). ANGES has been de  vel  oped in the In  sti  -
tute of Nu clear Re search and Nu clear En ergy, in So fia
Bul  garia and has been sup  ported by the IAEA. The
soft  ware is freely avail  able [10]. It of  fers all the main
fea  tures of a com  mer  cial soft  ware pack  age ex  cept for
con trol of the ac qui si tion pro cess. The pro gram is able
to per  form au  to  matic anal  y  sis of spec  tra but it is
characterized as “user con  trolled” be  cause it sup  plies
all in  ter  me  di  ate re  sults and al  lows the user to mod  ify
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Fig  ure 2. (a) part of the 4d LEGe de  tec  tor back  ground
spec trum  in di cat ing  the  photopeak  at  ~186 keV, and 
(b) the same part of the 4d LEG-e detectro back  ground
spec  trum af  ter the sub  trac  tion of the photopeak at
~186 keVthem. As an ex am ple it of fers to the user the pos si bil ity
to in  ter  vene in the peak lo  ca  tion pro  ce  dure per  formed
au to mat i cally  by  the  pro gram,  de let ing  or  add ing
photopeaks in the anal y sis. This op er a tion was used in
this work for the anal  y  sis of the test spec  tra. More de  -
tails on the ANGES op  er  a  tions can be found in [10,
11].
RE SULTS  AND  DIS CUS SION
Af ter the anal y sis of each test spec trum, the peak
area  val ues  and  the cor re spond ing  un cer tain ties  of  the
two com  po  nents of the multiplet photopeak were col  -
lected. These val  ues were com  pared with the the o ret i  -
cally ex  pected val  ues. For this pur  pose, the U-value
(U) and rel  a  tive bias (Rb) for each com  po  nent were
cal  cu  lated by us  ing eqs. 2 and 3, re  spec  tively,
U
Area Area
Unc Unc
=
-
+
i
i
ref
ref
2 2
(2)
Rb
Area Area
Area
=
- i ref
ref
(3)
where  Areai is the area of each com  po  nent of the
multiplet photopeak as de  fined by the soft  ware
used,  Unci – the un  cer  tainty of the Areai as de  fined
by the soft  ware used, Arearef  –  the  the o ret i cally  ex -
pected value of the area of each com  po  nent of the
multiplet photopeak, and Uncref – the un  cer  tainty of
the Arearef. For its cal  cu  la  tion, the stan  dard de  vi  a  -
tion of re  peated mea  sure  ments of the sources used
for the con struc tion of the equiv a lent spec tra was es -
ti mated.
The fol  low  ing cri  te  ria were then ap  plied to the
anal y sis  of  each  com po nent:
–     .for |U| £ 1.96 (U-test, 95% con  fi  dence level):
if |Rb| £ 10%, the anal  y  sis was con  sid  ered
ac cepted,  and  if |Rb| > 10%, the anal y  sis was con -
sid ered  not  ac cepted.
In this way, it was pos  si  ble to re  ject re  sults
where the U-test was sat  is  fied due to the big un  cer  -
tain  ties of the mea  sure  ment, de  spite the fact that the
mea sure ment  val ues  were  sig nif i cantly  dif fer ent
(|Rb|>10%)  from  the  the o ret i cally  ac cepted  ones.
This sit  u  a  tion was mostly en  coun  tered in spec  tra
with poor sta  tis  tics, and
– for |U| > 1.96 (U-test, 95% con  fi  dence level):
if |Rb| £ 5%, the anal  y  sis was con  sid  ered
ac  cepted, and if |Rb| > 5%, the anal  y  sis was con  -
sid ered  not  ac cepted.
In this way, it was pos  si  ble to ac  cept re  sults
where the U-test was not sat  is  fied, due to low un  cer  -
tain  ties, while the mea  sure  ment val  ues did not dif  fer
sig nif i cantly  from  the  the o ret i cally  ex pected  val ues.
These cases mainly cor  re  spond to spec  tra with good
sta tis tics.
A re  sult was con  sid  ered as ac  cepted, when the
anal  y  sis of both com  po  nents was judged as ac  cepted.
Anal  y  ses in which one or both com  po  nents were not
de  tected were re  jected.
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Fig  ure 3. Ex  am  ples of con  structed test spec  tra: (a)
test spec  trum of the first se  ries con  tain  ing 15 Bq/kg
226Ra and 14 Bq/kg 
235U, (b) test spec  trum of the sec  -
ond se  ries con  tain  ing 15 Bq/kg 
226Ra, 14 Bq/kg 
235U,
and 300 Bq/kg 137Cs, and (c) test spec trum of the sec -
ond se  ries con  tain  ing 15 Bq/kg 226Ra, 14 Bq/kg 
235U,
and 3000 Bq/kg 
137CsAnal  y  sis of the first test
spec tra  se ries  re sults
Fig ures 4 and 5 il lus trate the re sults of the anal y -
sis of the first test spec  tra se  ries with the SPUNAL
code and the ANGES pro  gram, re  spec  tively. As four
spec  tra were an  a  lyzed for each 235U-226Ra  com bi na -
tion, the per  cent  age of ac  cepted anal  y  ses is pre  sented
in each square of figs. 4 and 5. 
The num  ber of ac  cepted anal  y  ses in the case of
SPUNAL is 48.6%, while in the case of ANGES it is
12.9%. It should be noted how  ever that the ANGES
re sults  cor re spond  to  the  au to mated  anal y sis  mode,
with no user in  ter  ven  tion in the in the anal  y  sis. To ex  -
am  ine the ef  fect of user in  ter  ven  tion, the anal  y  ses of
this se  ries test spec  tra with the ANGES pro  gram were
re  peated. This time the pro  gram was forced (by the
user) to de tect two com po nents in the en ergy re gion of
~186 keV in cases that this was not achieved au to mat i -
cally. Fig ure 6 il lus trates the re sults of these anal y ses. 
The per  cent  age of the ac  cepted anal  y  ses in this
case is 63.6%. This dif  fer  ence should be at  trib  uted to
the user's in ter ven tion in the anal y sis. From figs. 4 and
6 it can be seen that the most ac  cepted anal  y  ses cor  re  -
spond to spec  tra with higher photopeak ar  eas and to
spec  tra that the area ra  tio is nei  ther big nor small
enough.
An in  ter  est  ing re  gion in figs. 4 and 6 is bounded
by the 100-1000 Bq/kg 226Ra  ac tiv ity  con cen tra tion
and the 50%-300% 235U/226Ra photopeak area ra  tio.
Most of the ac  cepted anal  y  ses are con  cen  trated in this
re  gion. This re  gion cor  re  sponds to the most com  mon
226Ra-235U com bi na tions to be found in en vi ron men tal 
sam ples, among those ex am ined in this work. The per -
cent  ages of ac  cepted anal  y  ses in this re  gion for both
pro  grams are equal to 91.7%. How  ever, in the case of
the SPUNAL code, re  jected anal  y  ses are at  trib  uted to
the fact that one of the com  po  nents, usu  ally the one
with the low  est photopeak area, was not de  tected. In
other words, when  ever the SPUNAL code de  tected
both com po nents of the multiplet photopeak, the anal -
y  sis was per  formed in an ac  cepted way. On the other
hand, be  tween the re  jected anal  y  ses of the ANGES
pro  gram, there are cases in which both com  po  nents
have been de  tected but one or both cor  re  spond  ing ar  -
eas sig nif i cantly dif fer from the the o ret i cally ex pected
val  ues. In this case there is no in  di  ca  tion warn  ing the
user  for  an  er ro ne ous  anal y sis.
As it was men  tioned in Test spec  tra con  struc  tion,
for each 226Ra-235U  com bi na tion,  four  in de pend ent test
spec  tra were con  structed. Fig  ures 4-6 in  di  cate that not
all the anal  y  ses of the same 226Ra-235U  com bi na tions
lead to ac  cepted re  sults. In terms of real sam  ples, this
means that, if ini tial anal y sis of the sam ple dos not yield
re  sults, deconvolution of the multiplet photopeak may
be suc  cess  ful af  ter re  peated anal  y  ses of the sam  ple.
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Fig  ure 4. First test spec  tra se  ries re  sults – SPUNAL
Fig  ure 5. First test spec  tra se  ries re  sults – ANGES
au to mated  anal y sis
Fig  ure 6. First test spec  tra se  ries re  sults – ANGES with
user's  in ter ven tion
Fig  ure 7. Sec  ond test spec  tra se  ries re  sults – SPUNAL
Fig  ure 8. Sec  ond test spec  tra se  ries re  sults – ANGESAnal  y  sis of the sec  ond test
spec tra  se ries  re sults
Fig ures 7 and 8 il lus trate the re sults of the anal y -
sis of the sec ond test spec tra se ries with SPUNAL and
ANGES re  spec  tively. Based on the con  clu  sions of the
au to mated  anal y sis  of  first  se ries  spec tra,  ANGES
anal y sis  was  per formed  with  user  in ter ven tion.  Fig -
ures 7 and 8 pres ent the per cent age of ac cepted and re -
jected anal  y  ses, for the four 137Cs  ac tiv ity  con cen tra -
tion lev  els.
The ef  fect of the 137Cs pres  ence in the
deconvolution of the multiplet photopeak at ~186 keV
is  clear.  The  anal y sis  be comes  more  dif fi cult  as  the
back  ground   con  tin  uum   in   the   en  ergy   re  gion  of
186 keV in  creases, due to the pres  ence of the 137Cs
back scat  ter edge. In the case of the SPUNAL code the
per cent age  of  ac cepted  anal y ses  re mains  prac ti cally
un changed  pro vided  that  137Cs  ac tiv ity  con cen tra tion
is less than 230 Bq/kg. Af  ter this con  cen  tra  tion level,
there is a pro  found de  crease at the per  cent  age of ac  -
cepted anal y ses. A sim i lar ef fect, but for a higher 137Cs
ac tiv ity con cen tra tion level (680 Bq/kg) is ob served in 
the ANGES re sults. The user's in ter ven tion may again
have a pos  i  tive ef  fect in ANGES anal  y  sis.
CON CLU SIONS
Dur ing this work, two se ries of test spec  tra were
con  structed for test  ing the abil  ity of a gamma spec  -
trom  e  try com  puter code to deconvolute the multiplet
photopeak at ~186 keV due to the pres ence of 235U and 
226Ra  in  en vi ron men tal  sam ples.  Two  dif fer ent  com -
puter codes were tested. The in house de  vel  oped code
SPUNAL and the freely avail  able pro  gram ANGES.
In each sam  ple of the two se  ries, dif  fer  ent 235U-226Ra
and  235U-226Ra-137Cs  com bi na tions  were  ex am ined,
re spec tively. Each com bi na tion is ex am ined more than 
one time, sim  u  lat  ing multiplet anal  y  ses of the same
sam  ple and test  ing the re  peat  abil  ity of the anal  y  sis.
From the anal  y  sis of the two se  ries it was con  -
cluded that, even if ini  tial anal  y  sis is not suc  cess  ful,
with re  peated anal  y  ses of the same sam  ple the
deconvolution of the multiplet photopeak may fi  nally
suc  ceed. The deconvolution de  pends on the 235U and
226Ra con  cen  tra  tion in the sam  ple and the pres  ence of
137Cs in it. More spe cif i cally, the num ber of suc cess ful
anal  y  ses in  creases with the in  crease of the iso  topes
con  cen  tra  tion in the sam  ples and is more prob  a  ble
when the ra tio of the photopeak area of the two com po -
nents is nei  ther too high nor too low. The in  crease of
137Cs con  cen  tra  tion makes the deconvolution of the
multiplet photopeak more dif  fi  cult as the 137Cs back  -
scat ter  pho tons in crease  the back ground con tin uum  at
the 186 keV en  ergy re  gion.
The  ANGES  pro gram  suc cess fully  an a lyzed
more test spec  tra in both se  ries, pro  vided that the user
in  ter  venes in the anal  y  sis, forc  ing the pro  gram to de  -
tect the two com  po  nents. How  ever, for typ  i  cal 235U
and  226Ra en vi ron men tal con cen tra tions the two codes 
ap  pear to have sim  i  lar be  hav  ior. For these con  cen  tra  -
tions the SPUNAL code was found to be more re li able, 
as in cor rect anal y sis can of ten be iden ti fied by the fact
that one of the two com  po  nents is not de  tected.
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The o ret i cal  anal y sis  was  car ried  out  by  K.  L.
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Konstantinos L. KARFOPULOS, Dimitrios J. KARANGELOS,
Marios J. ANAGNOSTAKIS, Simos E. SIMOPULOS
EKSPERIMENTALNO  KONSTRUISAWE  TEST  SPEKTARA  ZA
PROCENU  GAMA-SPEKTROMETRIJSKIH  RA^UNARSKIH
KODOVA  ZA  ODRE\IVAWE  235U
Odre|ivawe  235U  u  uzorcima  iz  prirodne  sredine  preko  wegovih fotona energije
185.72 keV mo`e zahtevati dekonvoluciju multiplet fotopika na energiji od oko 186 keV, usled
postojawa i fotona 226Ra energije 186.25 keV u spektru. Uspe{nost dekonvolucije zavisi od vi{e
parametara, kao {to su karakteristike detektora, koncentracija aktivnosti 235U i 226Ra u uzorku,
pozadinsko zra~ewe u oblasti energije od 186 keV i programski kod za gama-spektrometriju.
U ovom radu projektovane su dve serije eksperimentalnih test spektara za prou~avawe
dekonvolucije multiplet fotopika razli~itim programskim kodovima. Za konstrukciju test
spektra kori{}en je niskoenergetski germanijumski detektor visoke rezolucije. Prva serija
sastoji se od 140 spektara i simulira uzorke iz `ivotne sredine koji sadr`e razli~ite nivoe
koncentracije aktivnosti 235U i 226Ra. Druga serija sastoji se od 280 spektara sa pridodatim 137Cs,
odgovaraju}i razli~itim nivoima koncentracije aktivnosti specifi~nih spektara iz prve serije.
Budu}i da je u oblasti energije multiplet fotopika od 186 keV detektovana dowa granica rasejawa
137Cs, drugom serijom test epektara analiziran je multiplet fotopik u uslovima povi{enog nivoa
pozadinskog zra~ewa.
Prou~avawe test spektara obavqeno je pomo}u dva programska koda za gama-spektrometrijsku
analizu: (a) programskog koda originalno razvijenog na UNIX sistemu i (b) programskog koda besplatno
dostupnog od strane IAEA za analizu spektara germanijumskog detektora. Rezultati dobijeni ovim
programskim kodovima upore|ivani su na detekciju fotopika i na odre|ivawe oblasti fotopika.
Kqu~ne re~i: gama-spektrometrija, test spektar, multiplet fotopik, 238U